The subject matter of this article is the issues related to the integrated management of assembling operations of fastening and threading elements at all stages of their implementation. The goal is to develop the generalized structure of the data management system of the process of assembly and threading. The objectives are: to justify the principles of managing the assembly and threading process at each stage of the assembly to improve the efficiency of these operations, to study the power, accuracy and performance characteristics of the connections and to draw the conclusion that suggested the theory of assembly management is efficient. The following results are obtained. The article presents the analytical dependencies of the force indexes of threading in the course of the package and sheet assembly, including the tightening force while joining; the assembly of a multilayered package of dissimilar sheet materials was analyzed. On the basis of the theoretical analysis, the dependences of the power indices of threading during the package and sheet assembly were determined. The assembly of the package of sheet materials was investigated, including a multilayered package of dissimilar materials of a "metal-plastic" type. Conclusions. The process of assembling threaded joints with the use of management principles was used; these principles enable increasing the efficiency of the assembly process, reducing the complexity of the basic operations, and improving the quality of the joints obtained. The use adaptive control of the screwing speed on the main threading transitions is suggested for reducing the torque. The technology of making threaded joints with given properties is developed, the main ways of increasing the efficiency of assembly and threading processes are determined on the basis of the integrated control system for the assembly process.
Introduction
In the process of assembling threaded joints, modern high-performance equipment, automation and intensification means, systems of monitoring the parameters of assembly operations and the resulting connections are widely used.
However, despite the advance in the development of thread-assembling technologies, the labour intensity of the basic operations of assembling threaded parts still remains within 35 40%. The efficiency of technologies is determined by the total technical effect obtained from their implementation. With regard to the assembly of threaded connections, the efficiency is determined by the indices:
-productivity and cost-efficient performance of coupling operations; -labour intensity; -the quality of the joints obtained; One direction for improving these indices is introducing the assembly and threading processes based on the use of thread fasteners in the product designs.
The analysis of literary sources and problem setting
A thorough study of fasteners with thread and profile sections is based on the positive indicators of their installation and the qualitative characteristics of the joints obtained. The variety of fastening and threading parts is constantly being improved and enhanced. Combining the processes of threading, coupling and tightening the joints in one transition, such details make it possible to provide high strength, stopping and maintainability rates in threaded pairs [1, 4.] .
Threading studs, screws and bolts, bushings, pins and other elements are manufactured in according to the state and industry standards, technical conditions, and also in accordance with the catalogues of leading firms and corporations [2, 8] . The control over the issues of their production, assembly technologies, resource tests of joints, their quality characteristics and the development of promising designs of parts is carried out by leading research and production organizations.
The utilization of fasteners according to the branches of industry is as follows:
-vehicle manufacturing industry -42%, -aerospace industry -14.3%, -others -43.7%. The assortment of fasteners is as follows: -male thread-40%, -fasteners for aerospace industry -21%, -plain -13%, -female thread-11%, -other shaped -9%, -non-standard -6%. The assortment of threading fasteners is being constantly enlarged.
The most widely used fasteners are self-tapping and self-rolling screws, studs, threaded bushings. These fastening elements are widely used in machine building, vehicle manufacturing industry, aircraft building, electrical engineering, instrument making, building and other industries.
The analysis of situations shows that not only the process should be managed, but the entire complex including the stages of production preparation, preparatory stages: feeding, orientating and engaging.
The development of the technology of the assembly process includes the preparatory, synthetic, analytical and final stages [10] . With regard to the assembly and threading processes, this procedure can be represented as the following structure:
-the preparatory technological stage (data support, analysis and decision making, analytics, final stages); -the preparatory design stage (design drafting for tooling auxiliary equipment, production of tooling, installation, settings and adjustments, test operations, troubleshooting); -the stage of assembly (parts loading and installing, coupling transitions, removing parts and units);
-post-assembly stage (connection supervision, testing pilot batch, the analysis of rejected parts, the adjustment of tooling and control systems, the efficiency analysis and technical and economic assessment).
The goal and objectives of the study
The goal of this study is to develop the generalized structure of the assembly and threading process by the data management system. Proceeding from the goal of the study, the following tasks should be solved:
1. the principles of managing the assembly and threading process at each stage of the assembly should be justified to improve the efficiency of these operations.
2. the power, accuracy and performance characteristics of joints should be studied and the conclusion about the efficiency of the suggested theory of assembly management should be made.
The main material of the study
The process of forming joints with thread parts involves a finite set of parameters whose properties must be taken into account when carrying out experimental studies.
The main indices of the process of assembly and the joints obtained are formed at the following stages:
1. Informational and analytical. 2. Designed (synthetic). 3. Preparatory. 4. Assembly.
The correct choice of the joint type, fastening element, tightening method, assembly modes, and other parameters detected at the first stage enable establishing the specific pack of designed parameters included in the initial data map of the "Tools-Screw" system that is used in the second stage of the technological preparation of production.
At the preparatory stage, the design elements of the technological system of the screwing machine are developed, which is:
-technological tools (cartridges, devices, loading and feeding devices); -the conditions for the implementation of the main stages of the assembly (orientation conditions, engaging efforts, the radial rigidity of the tools, the assembly speed control law and so on);
and the choice of assembly equipment is justified. At the last stage, the following indices should be ensured [9] :
-the reliability of parts coupling; -the energy efficiency of the process; -the high productivity of tools; -qualitative parameters of the obtained joints. Taking into account the heterogeneity and different physical nature of these indices, a complex quality indicator is suggested that is developed as the function:
where N is the energy intensity of the process of assembly, Wt/s; V is the speed of crewing, m/s, м/с; η is the coefficient of the thread completeness [105] .
The optimal area of function (1) can be ensured by developing certain levels of control parameters that are presented in table 1. In this case, the different possibilities of impact on these parameters should be taken into consideration. For example, if the speed and torque can be controlled by the drive system of the screwing machine, the screwing torque is the magnitude of the derivative that is determined by the speed and other factors developed in the 2-nd and 3-rd stages [1, 4, 9] .
If the controlled process is presented systematically, all the parameters of Table 1 can be divided into 3 groups:
-setting (initial); -disturbing (that have a random character); -outputs that determine the level of the target function S.
The diagram of such system is shown in fig. 1 .
Fig. 1. The structure of the assembly control
In the second and third stages, the parameters X and F which are specified in technical conditions or substantiated analytically are developed. The latter ones have only a calculated nature at these stages, and in the process of assembly (the 4-th stage), they appear as random quantities. The set of calculated values of these factors forms a pseudo-block of the master device (MD). The output values Y (2, 8, 13) form the level of the target function S and are controlled by the feedback system of the screwing machine. When passing the regulator RO, they can form both their own level and other output values. Factors X and F also affect the output values (they are not shown in the communication circuit).
Since the torque is a complex index that determines the assembly level and the quality of the formed joints to a large extent [8, 4, 9] , the validity of theoretical guidelines of the 3-rd section should be confirmed and the possibilities of the target function minimization should be determined in the process of parts joining.
This task was solved experimentally. Theoretical values of torque for various materials and fastening elements were previously calculated. The calculation was made for the following materials:
-sheet steel up to 1.5 mm thick; -aluminium alloy Al4; -textolite; -organic glass;
-polystyrene for general use. These data were used to compare theoretical and experimental studies.
A number of determining factors is given with account of table 1 on the basis of the analysis of their impact on the torque:
The allowance is determined according to the recommendations of the works [1, 9] at the level 0,5 0,58 P
The parameters of threading and the lead-in geometry are given by the requirements of a technical drawing or are determined by the type of the fastener used. This does not relate to the parameters 6, 12, 14.
The greasing type (7) and the parameter of the technical machine system (9, 10, 11) relate to technical recommendations or are determined by calculation (jn) or are of random nature and cannot be determined as determining factors.
On the basis of stated above, four factors d, P, / ld or z, V are selected for the torque experimental model. Their impact is much greater in the models of the previous researching where they were used and [1, 9, 10,] . The character of the impact of determining factors of the torque is determined in the course of previous experiments.
The thread pitch, the length of thread engagement, and the speed have the greatest effect. Therefore, the use of the dependence of the second order is used as a model:
where 0 a is a free term; The order of conducting experiments and the processing of the results correspond to the methods of planning the experiments of the second order. However, the question of selecting the most optimal form of the plan was previously decided. One criterion of optimality can be considered a number of experiments in them. The symmetrical composite orthogonal plans were rejected because of the complexity of organizing experiments according to the levels of determining factors assigned to star points, and the most economical and close to Doptimal Hartley plans were adopted for the implementation. One requirement for a kernel plan is realized in them: it should be a replica which enables assessing the coefficients for pair interactions independently of one another. Replicas with one-, two- The device for processing data in the Excel environment was used for automating the regression analysis to process the results of the plan. This tool enables obtaining regression coefficients of a full-sized model along with simultaneous obtaining a set of estimation statistics (the variance of regression coefficients 2 i Sa , the general correlation deviation В , the coefficient of multiple correlations ij R , and so on).
The further sequence of processing the experimental data was carried out according to the standard method described in a number of papers [3, 5, 6 ,]:
1. The significance of the coefficients of the model according to the t-criterion was checked.
2. The adequacy of the final version of the model according to the F-criterion was checked.
The obtained coefficients of the regression equations are given in table 3. 
. (4) Fig . 2 shows the oscilloscope patterns of the torque for the case made of the Аl4 alloy (a) and the sheet assembly (b) 1 mm thick made of the same material. The latter oscilloscope pattern (c) shows the change of the torque for contact pins with the large angle of thread (the material of the sheet is textolite). DSO 2100 oscilloscope was used. Fig. 3 shows the oscilloscope pattern of the torque while screwing the standard M3 screw in a clearance hole for a case made of the Аl4 alloy. The К12-22 oscilloscope was used. If the screwing process is considered up to tightening transition, the level of the target function at this stage will be developed only by the values of the torque and speed, and the speed is a determining factor of the moment function. So, the following sequence of determining the target function is evident:
And, as the parameters X, F are determined up to the 4-th order, the optimal value of the speed will develop the level of productivity, energy intensity, and the quality of joints that correspond to the function optimum S.
The calculation of torque according to the regression equations showed the following nature of their change: the torque values decreased to a certain limit with increasing speed and then increased again. The latter phenomenon can be explained by the dynamic processes that arise in the threaded contact at high speeds of screwing. To a greater extent, this is noticeable for screws with a large thread pitch.
It should be noted that threading is a complex process, that is affected not only by the speed of screwing, but also by the structural parameters of the fastening element, the physical properties of the case or sheet workpieces, and so on. On the other hand, as the speed of screwing increases, the productivity increases, which is important in mass production.
Calculating all combinations of the parameters of threaded joints is a complex and extensive task. A number of all combinations reaches several thousand. Therefore, in the context of this work, the task optimal management for the following joints was solved: screws with diameters of 3 to 6 mm, thread pitches from 0.5 to 1.5 mm, and for four materials (aluminium, textolite, organic glass, and polystyrene). The diameter of the screw within the specified limits does not significantly affect the torque, therefore, this factor was neglected when developing the experimental model of the target function (1) .
So, the reliability of the process should be ensured by the following system of conditions: Then the matrix of the values of the target function was compiled and the minimum in each column was found. Subsequently, some screwing speeds were sampled at these minimum values. The results were processed in the Excel environment to obtain regression coefficients.
The speed of screwing was calculated according to the following formula: The torques at the speed of screwing from 0,0209 to 0.0731 m / s (from 80 to 280 rpm, respectively) and for various ratios l / d -from 0.5 to 1.5 are calculated according to the formula (4). The first value l / d = 0.5 corresponds to two turns of the screwed thread. From this moment the process of engagement is completed and the stable screwing of the fastener starts. Table 5 shows the results of the calculation of torques. The target function is used to find optimum parameters of assembly and minimum values S are sampled. Table 6 shows the calculated values of the target function for thread pitches Р = 1 mm and Р = 1,5 mm. The second part of the table is designed for optimizing as these data will be used to build the optimization fields.
The optimization matrices are built on the basis if table 6. The first matrix comprises the values from the first columns for the thread pitch Р = 1 and Р = 1,5 mm, the second matrix comprises the values from the second columns, and so on. The matrices were processed with the help of MathCad 8.0. Fig. 4 shows the fields and surfaces of the optimization, where 1 S … 7 S are the values of the target function at l/d = 0,5 … l/d = 1,5 respectively.
The graphs clearly show the dependence of the target function on the speed of screwing and thread pitches. As a number of turns of the screwed thread increases, the minimum (painted in blue) shifts toward the maximum values of the screwing speed. The minimum is slightly shifted in the opposite direction for the last turns.
The speed values at the minima of the target function are optimal but have the random distribution law; so, such control is difficult for implementation on a screwing machine. To obtain an acceptable curve, the calculation should be made according to the formula (7). Control actions are realized with the help of the diagram ( fig. 1 ) which supplies the voltage which corresponds to the optimum screwing speed to the motor of the screwing head.
Fig. 4. Fields and optimization surfaces of the target function

Conclusions
On the basis of the conducted researches, the stages of the control action development in the process of managing the assembly and ensuring the parameters of the obtained joints were analyzed. In the course of the experimental studies, it was found that the following factors have the greatest impact on the torque -the speed of screwing, the thread pitch, the hardness of the housing material, the diameter of the threaded rod. The empirical formulas of torques are determined depending on the determining factors.
